The effect of three levels of mannan oligosaccharides (MOS at 0.5, 1.0 and 1.5 g/kg diet) compared to dietary antibiotic supplementation (ANT, colistin sulphate 144, tylosin 100 and oxytetracycline 1000 ppm) and to a diet without MOS or medication (control group) were studied on 5 groups of rabbits (n=342 cages/group and 2 rabbits/ cage) from weaning (35 d) to 60 d of age in a farm with an anamnestic history of Epizootic Rabbit Enteropathy (ERE). Mortality rate was recorded daily. Thirty two cages per group were randomly chosen to record growth performance and rectal anaerobic microbial population. Live weight and feed intake were recorded weekly. At 49 d of age rectal swabs were collected with cotton swabs from 8 rabbits per group and the anaerobic microbial population was counted. Feed digestibility was determined per cage using acid insoluble ash as an internal marker, collecting faeces from 57 to 59 d of age. An episode of ERE occurred during the second and the third week of the trial. The control group showed a high mortality rate during the fattening period (78%) and was not considered for further measurements. Total mortality rate was higher (P<0.05) for rabbits fed antibiotics (34.2%) than for those fed MOS (17.7, 7.75 and 17.1 %, for MOS at 0.5, 1.0 and 1.5 g/kg diet, respectively), with the lowest mortality rate being for those with a 1.0 g MOS/kg diet. Medicated rabbits showed similar growth rates compared to the average of those fed MOS diets (38.6 g/d on average), but impaired feed conversion ratio (FCR) and nutrient digestibility (P≤0.003). Rabbits fed MOS at 1.0 g/kg showed better growth rates, FCR and nutrient digestibility (P≤0.01) than those fed 1.5 g/kg MOS. Total anaerobic and Clostridium spp. counts were higher in medicated animals compared to those fed MOS, with those fed 1 g/kg MOS showing the lowest value (P<0.001). Under critical conditions due to an episode of ERE, a concentration of 1.0 g/kg MOS in the diet, could reduce rabbit mortality and improve growth performance.
introduction
The period around weaning (28-35 d of age) is very critical in rabbit production, in particular under intensive farming conditions. In these conditions, the digestive system of young rabbits can be considered to be in a status of unstable balance, which a combination of factors (diet, environment and management stressors as indicated by Casagrande-Proietti et al., 2009) can modify, thereby increasing rabbit susceptibility to post-weaning digestive disorders. Specifi c pathogens such as Escherichia coli O103 or Clostridium spiriforme can lead to high post-weaning mortality rates (higher than 20%, Peeters et al., 1995) . Presently, the most common disorder in rabbit production is the occurrence of a complex enteritis (Epizootic Rabbit Enteropathy, ERE) which is the first cause of mortality in the European rabbit industry (Dewree et al., 2003) . However, no pathogenic agent has been identified to date (Licois et al., 2000; Marlier et al., 2006; Szalo et al., 2007; Huybens et al., 2009) . To prevent post-weaning digestive disorders, prophylactic antimicrobial medication is normally used in growing rabbits. However, the wide use of antibiotics (not only in animal production) has led to the occurrence of antibiotic resistant bacteria (Falcao-e-Cunha et al., 2008) . Consequently, in January 2006 the European Community banned the use of antibiotics as growth promoters. Prebiotics and in particular mannan oligosaccharides (MOS, derived from the outer cell wall of the Saccharomyces cerevisiae yeast) are considered to be a promising alternative to antibiotics (Kocher, 2006) . Fonseca et al. (2004) recorded a reduction in mortality with 2 g/kg MOS in the diet compared to oxytetracycline supplementation (1000 ppm) with no effect on rabbit growth performance. However, Mourao et al. (2006) found no differences between MOS (1.0, 1.5 and 2.0 g/kg) and Zn bacitracin (0.1 g/kg) for mortality and growth rate, probably due to the relatively low mortality rate (from 1 to 9%) observed. Besides dietary MOS supplementation (2.0 and 1.0 g/kg MOS) stimulated intestinal villi development and caecal volatile fatty acid concentrations and reduced caecal pH (Pinheiro et al., 2004; Mourao et al., 2006) . Guedes et al. (2009) also found that the addition of 2.0 g/kg MOS to the diet increased VFA concentration in the caecum of growing rabbits, but Pinheiro et al. (2009) observed that 1.0 g MOS/kg was not able to reduce the negative effects of low fibre diets on rabbit growth performance. The aim of the present research was to evaluate the effect of diets based on mannanoligosaccharides at different levels (0.5, 1.0 and 1.5 g/kg of diet) compared to antibiotic supplementation on rabbit in vivo performance, feed digestibility and rectal microbial anaerobe populations from 35 to 60 d during an episode of Epizootic Rabbit Enteropathy (ERE).
Material and Methods

Diets
The basal diet was a commercially manufactured diet normally used on the farm (ingredients: dehydrated alfalfa meal, wheat middling, sunflower meal, alfalfa hay, maize, sugar cane molasses, toasted soybean meal, calcium carbonate, salt, soybean oil) with a chemical composition, expressed as percentage of dry matter, as follows: dry matter 87.5, ash 10.9, crude protein 16.5, ether extract 3.43, crude fibre 21.6, neutral detergent fibre 34.1, acid detergent fibre 25.7, acid detergent lignin 3.57. The diet containing antibiotics (ANT, colistin sulphate 144, tylosin 100, and oxytetracycline 1000 mg/kg), normally used in the farm under veterinarian prescription, was considered as a positive control. A negative control group was obtained by feeding rabbits with the same diet without additives. Three experimental treatments were obtained by supplementing the common basal diet (negative control) with: (1) MOS0.5 (BioMos ® , Alltech Inc., USA at 0.5 g/kg); (2) MOS1.0 (Bio-Mos ® at 1.0 g/kg); (3) MOS1.5 (Bio-Mos ® at 1.5 g/kg).
Animals and housing
The trial was carried out on a commercial rabbit farm with an anamnestic history of Epizootic Rabbit Enteropathy (ERE), located in the South of Italy. A total of 3,420 weaned (35 d) hybrid Hyla rabbits were randomly divided among 5 groups (684 rabbits/group) in the same building, and placed in bicellular cages (26×46×35 cm high, 2 rabbits/cage, 342 cages/group). Up to 60 d of age, mortality rate was recorded daily for the entire group. Thirty two cages per treatment, a total of 320 rabbits, weighing on average 751.7 ± 3.90 g (mean ± standard error), sex ratio 1:1, were randomly chosen to measure live weight and feed intake from 35 to 60 d, and nutrient digestibility from 57 to 59 d of age. Each morning, before feed distribution, dead rabbits and/or rabbits with symptoms of disease (diarrhoea) in a subgroup were removed and the cages in which one or both rabbits were removed were excluded from the trial. Individual live weight and feed intake per cage were recorded weekly in order to calculate daily weight gain, daily feed intake and feed conversion ratio (FCR). For these calculations only cages with no eliminated rabbits were considered.
Experimental procedure
At 49 d of age, one week after the outbreak of ERE in the farm, rectal material was sampled using cotton swabs from 8 healthy animals per treatment at 13:00 h. Rabbits were removed from the cages and a cotton swab was introduced into the rectum to collect rectal samples. Because cotton sticks do not allow collection of exact amounts of rectal material, samples were taken on three consecutive days on the same rabbits and the average results were used for statistical analysis. Only in three cases rectal samples were collected two times (dead animal). Swabs had a transport system for anaerobes (BBL culture swab plus amines single applicator, BD). In the laboratory (around 1 h after collection) the swabs were introduced in an anaerobic chamber and directly submitted to serial dilutions using a peptone solution (Oxoid CM0009B). The same cultural medium and the method to obtain anaerobic conditions were used for all the cultured anaerobes. From each dilution, 0.1 mL were spread on plates of Schaedler Blood agar (+Emina and vit. K, Oxoid PB5034A). The plates were incubated under anaerobic conditions for 24 h at 37 °C, using anaerobic jars with an anaerobic atmosphere generation system (AN0025 Oxoid). The total count of anaerobes was obtained for the different types of colonies cultured, and identified according to their morphological and biochemical characteristics using established bacteriological criteria (Neut et al., 1997) . In particular, suspect colonies were picked from a plate and were phenotypically identified on the basis of Gram stain morphology, indole negative and catalase positive: Clostridium species are obligate anaerobes producing endospores, gram positive, very often pleomorphic and usually catalase negative; Cl. perfringens is indole negative and on the plate has cream colonies with double zone of haemolysis; Cl. hystoliticum is aerobic-tolerant, forms colonies on blood agar plates and is not haemolytic. Enzyme profiles were generated with the Rapid ID 32A identification system for anaerobes, according to the manufacturer's instructions (Rapid ID 32 A 32300 Biomerieux).
The apparent digestibility coefficients of organic matter (OM), crude protein (CP), ether extract (EE) and crude fibre (CF) were measured using acid insoluble ash (AIA) as an inert marker. The faeces were collected on three consecutive days (57 -59 d of age) using nylon nets placed under the cages used for the growth trial (25, 28, 26 and 22 cages respectively for groups MOS0.5, MOS1.0, MOS1.5, ANT). Fresh faeces were dried in a draft oven at 60 °C to constant weight, then analysed. The calculation of apparent digestibility coefficients; was made as follows: 100×[(% AIA in the faeces/% nutrient in the faeces)−(% AIA in the feed/% nutrient in the feed)]/(% AIA in the faeces/% nutrient in the faeces).
Chemical analysis
Chemical analyses of experimental diets were performed using the following AOAC procedures (2004) Acid insoluble ashes on faecal and feed samples were determined in accordance with Vogtmann et al. (1975) .
Statistical analysis
Data were analysed by ANOVA (SAS, 2000) using a one-way model to test the effect of different additives in the concentrate. Bacterial concentrations were subjected to log 10 transformation before statistical analysis in order to normalize distribution. Means were compared using orthogonal contrasts. In particular, three contrasts were studied: ANT vs. average of all MOS groups (0.5, 1.0 and 1.5), MOS0.5 vs. average of MOS1.0+1.5 groups and MOS1.0 vs. MOS1.5 group. Mortality rates were analysed using the chi-square test.
results
During the second and the third week of the trial (from 42 to 56 d of age) an episode of Epizootic Rabbit Enteropathy occurred and mortality rate on the rabbit farm exceeded 35 %. In the farm where the trial was carried out, rabbits usually received the same medication (under veterinarian prescription) as the ANT group in order to prevent digestive disorders. The control group, fed without additives, showed a mortality rate higher than 78 % and survivor animals showed severe symptoms of intestinal disease. For this reason, it was not possible to perform the scheduled measurements, and the control group was excluded from the trial.
Mortality rates in each subgroup (32 cages) of animals, used to record growth rate, was similar to that recorded in the total group, (342 cages) used to record mortality rate. To avoid the inclusion of unhealthy animals in the growth trial, cages in which one or two animals died or showed signs of disease (diarrhoea), were discarded from statistical analysis.
The mortality rate (Table 1 ) was equal to zero during the first week of the trial for all the groups. For the two successive weeks, when the episode of ERE occurred, the percentage of mortality showed high values. In group MOS1.0 no rabbit deaths were observed up to two weeks later, when the episode of ERE abated intensity in the other three groups. During the two "critical" weeks, the ANT group showed the highest value for mortality rate.
Growth traits had a different trend throughout the trial due to the ERE outbreak (Table 2) . However, considering the average values over the entire period (35 -60 d), the ANT group showed no differences compared to the three MOS groups, while MOS1.0 group had a higher growth rate than MOS1.5 group (P<0.001). No differences were observed for MOS0.5 vs. MOS1.0+1.5 groups (P=0.99). During all the weeks of the trial, rabbits from the ANT group showed a daily feed intake different to that of the MOS groups. In particular, during the first week feed intake was lower than with the MOS groups (P<0.001), but it was higher in the successive weeks and over the whole trial (P<0.001). MOS0.5 group showed a feed intake lower than the other MOS groups during the first, the second and the last week of the trial (P<0.001). Considering the whole experimental period, the MOS0.5 group showed no significant effect on feed intake compared to other MOS groups (P=0.090). Feed intake from 49 to 56 d and onwards for the MOS1.0 group was lower than the MOS1.5 group, and this difference was also recorded throughout the whole fattening period. According to the variability in the daily weight gain and feed intake, feed conversion ratio showed a different trend throughout the trial. Considering the period 35 -60 d the ANT group showed a higher value than the MOS groups (P=0.001), the MOS0.5 group showed no differences from the MOS1.0 and 1.5 groups, whereas the MOS1.0 group showed a lower FCR than the MOS1.5 group (P<0.001).
Rabbits from the ANT group showed the lowest apparent digestibility coefficients for the organic matter, crude protein and crude fibre (Table 3) . Values of nutrient digestibility are in line with those reported by Cesari et al. (2009) . Orthogonal contrast analysis showed no differences between the MOS0.5 and MOS1.0+1.5 groups for OM, CP and EE digestibility, whereas for CF digestibility the MOS0.5 group showed lower values than the MOS1.0+1.5 groups. The MOS1.0 group always had higher apparent faecal digestibility values than the MOS1.5 group.
The rectal swabs from rabbits in the ANT group had higher levels of total anaerobes, Clostridium spp. and Cl. hystoliticum than the MOS groups (P<0.001, MOS1.5 group. The level of Cl. perfringens was not submitted to statistical elaboration (and not reported in the table) because it was only detected in 3 rabbits in the ANT group (37.5 %) and in 1 rabbit in the MOS0.5 and 1.5 groups (12.5 %) whereas no colonies were isolated in the caecal content from the MOS1.0 rabbit group. The results obtained for Cl. perfringens were 0.23, 0.14 and 0.04 log 10 CFU/swab, for ANT, MOS 0.5 and MOS 1.5 groups, respectively.
discussion
Our results suggest that, under the condition of ERE, mannan oligosaccharides seem more able to prevent mortality than the medication used in this study. In fact, mortality in treatments with antibiotics was higher than that in MOS groups.
The lower effectiveness of antibiotics than mannan-oligosaccharides in the control of mortality rate could be justified by an antimicrobial-resistance of the bacteria involved in this pathology (Marlier et al., 2006) . Mannan oligosaccharides are able to bind the mannose receptors on the type 1 fimbriae of some pathogen bacteria (as Escherichia coli and Salmonella enteritidis) in order to prevent their attachment to intestinal mucosa (Spring et al., 2000; Firon et al., 1983) . The maintenance of better conditions in intestinal lumen can prevent the proliferation of Cl. perfringens. The concentration of 1.0 g/kg of MOS in the diet was the best way to reduce the mortality rate down to a normal level. Mannan-oligosaccharides at 0.5 or 1.5 g/ kg in the diet reduced mortality rates compared to the ANT group but were not able to achieve mortality percentage rates close to that of the MOS1.0 group. It can be hypothesized that, for the MOS0.5 group, the low concentration of mannan-oligosaccharides in the diet was not enough to bind the pathogens, but it is difficult to explain why MOS at 1.5 g/kg did not induce similar or better results than MOS1.0 rabbits. The reason might be related with an interaction of a higher level of MOS with saprophyte bacteria, thereby also reducing their chances of attachment to the intestinal mucosa. Surprisingly, it was not possible to identify Bacteroides spp. which normally dominates the intestinal flora of rabbits (Licois, 1998) . In rabbits that died of ERE, it was able to isolate Bacteroides from caecal content only in a very small number of animals, whereas in almost all dead rabbits Cl. perfringens was isolated. In our study, the rectal swabs that were analysed were collected from rabbits without clinical disease symptoms. However, the absence of evident signs of disease does not necessarily indicate a healthy status of the gastro-intestinal tract. Several authors (Le Normand et al., 2003; Dewrée et al., 2003; Marlier et al., 2003 Marlier et al., , 2006 Cesari et al., 2009 ) have also showed that Cl. perfringens may play a major role in this pathology because of its important proliferation in the digestive tract when animals are affected by ERE. Romero et al. (2009) also found that the caecal content concentration of Clostridium perfringens recorded 14 d after weaning was closely related (R 2 =0.961; P<0.001), to the mortality rate due to ERE, by applying a quadratic regression equation.
The higher values of digestibility coefficients in the MOS1.0 group for almost all the tested nutrients suggest more efficient utilisation of the nutrient in the intestinal tract, that contributes to a more favourable feed conversion ratio compared to the other groups. Several authors (Pinheiro et al., 2004 , Mourao et al., 2006 reported that MOS increased the length of villi at the ileum, possibly as a result of impriving the intestinal environment compared to rabbits fed without additives. Better development of intestinal villi can justify the higher feed utilisation of MOS1.0 rabbits. The MOS1.5 group showed feed digestibility coefficients for all the nutrients (OM, CP, EE, CF) lower than the MOS1.0 group, suggesting that the intenstinal environment was not completely positive. Furthermore, the MOS0.5 group always showed lower digestibility coefficients than the MOS1.0 group. Volek et al. (2007) found lower mortality rates with rabbits weaned at 25 d of age and fed MOS at 3 g/kg and also lower digestibility coefficients (measured at 40 d of age) for organic matter, crude protein and cellulose compared to the control group (without additives). Mourao et al. (2006) found no differences in feed conversion ratio in rabbits fed antibiotics compared to those fed MOS at three different concentrations (1.0, 1.5 and 2.0 g/kg), whereas the MOS groups showed significantly (P<0.05) lower feed conversion ratios than the control group without additives. However, this trial was made on a rabbit farm in which the mortality rate in the group fed without additives was 8.75 %, indicating a good health status in the building.
conclusions
Under critical conditions due to an episode of Epizootic Rabbit Enteropathy, mannan-oligosaccharides showed a positive effect on rabbit mortality rate, growth performance and nutrient digestibility. The best results were obtained with a concentration of 1.0 g/kg diet of MOS. 
